An estimate of patient dose, patient size should be used to normalise the output dose of CT machine in the terms of volume CT dose index, CTDI vol . There are two metrics to characterise the patient size, i.e. the effective diameter (D eff ) and the water-equivalent diameter (D w ). These two metrics could be estimated by patient age. However, to date, relationships between the age and head patient size (D eff and D w ) have not been established for the pediatric patients. The aim of this study was to establish the relationships between the age and head patient size (D eff and the D w ) as the basis for calculating the size-specific dose estimate (SSDE) for paediatric head CT examination. The data were retrospectively collected from serial images of the CT head in the DICOM file from one hundred and thirteen paediatric patients aged 0-17 years (63 male and 50 female patients) underwent head CT examinations. The patient's sizes (D eff and D w ) were calculated from the patient's images using the IndoseCT version 15a software. The D eff and D w values were correlated with age of patients using regression analysis. It was found that patient size (D eff and D w ) correlated well with the age of the patient with R 2 more than 0.8. The size of the D w is bigger than the D eff . The D eff values for male patients are 12.38 to 16.21 cm, and D w values are 11.96 to 18.16 cm, respectively. For female patients, the values of D eff are from 11.54 to 16.87 cm, and the values of D w are from 11.60 to 17.86 cm, respectively.
Introduction
Computed tomography (CT) scanner is a diagnostic imaging device that employs a series of X-ray taken from different angles to produce a cross-sectional (trans-axial) view of the patient's anatomy. Technological advancements have facilitated the expansion of CT examinations in providing complex and fast imaging [1, 2] with smaller image sizes to sub-millimeters with more accurate diagnostic results. In many ways, CT has become a reliable choice of clinical imaging methods.
The use of CT has grown rapidly, as a result of the technological developments, speed of imaging system, and improved image quality [3] . However, the proliferation of CT is also followed by increasing concerns about the increased risks of cumulative radiation exposure for patients [4, 5] . The CT radiation dose is relatively greater than other diagnostic modalities so that it is epidemiologically significant at increasing the risk of cancer induction, especially in paediatrics [6] .
In many medical cases, paediatric patients often undergo CT scans. Therefore, justifying and optimising CT radiation doses is very important for controlling CT radiation doses. Compared with adult patients, paediatric patients have a higher risk of exposure to radiation-related diseases [7] such as leukemia, thyroid, breast, brain, or skin cancer in their lives due to long life expectancy and rapid cell replication and division in the body [7] [8] [9] . Thus, to accurately evaluate the radiation risk, an accurate dose estimation absorbed by paediatric patients is crucial [10] .
One method of quantifying radiation dose CT examinations is by using the volumetric computed tomography dose index (CTDI vol ) and dose length product (DLP). Both of these methods are actually general metrics of the output dose of the CT machine. The CTDI vol and DLP are calculated based on measurements using 16 or 32 cm cylindrical PMMA phantoms [11] . Thus, both metrics do not accurately represent the dose received by the patient because, in addition to the scanner output, the dose of individual patients also depends on patient size [12] [13] [14] .
To estimate individual doses of patients, the American Association of Physicists in Medicine (AAPM) has introduced a specific size dose estimation (SSDE) [13] , calculated by normalising CTDI vol with size-correction factors such as the effective diameter (D eff ) [15] or water-equivalent diameter (D w ) [14, 16] . The effective diameter is the simplest physical measure of patient size, without taking into account the composition and nature of patient attenuation [17] [18] [19] , while the water-equivalent diameter takes into account the X-ray attenuation in patients [20] [21] [22] [23] . Therefore, D w facilitates a more accurate estimation of patient dose than using D eff [14, 24, 25] . Recently, AAPM has improved the size-conversion factor for a more accurate dose estimation of the patient's head [26] .
Measuring D eff and D w for every patient is tedious and may be impractical for a busy CT centre. For practical reason, D eff and D w can be estimated by weight or body mass index (BMI), as has been reported by previous studies [27, 28] . Even for a more practical approach, D eff and D w can be estimated with the age of the patient; however, the variance may be quite large [13] . Some literature has reported data tables for patientspecific measurements which correlate D eff with age of patient such as ICRU 74 [29] and AAPM 204 [13] . Cheng et al [30] have also reported a relationship between D eff and age for abdominal examinations. Kleinman et al [31] concluded that the average size of a patient's diameter depends on age although predicted an individual size of the patient does not correlate well with age.
However, to the best of our knowledge, the relationship between patient size and ages for Southeast Asia patients has not been established. In addition, the previous studies only correlated the body patient size (in terms of D eff ) and age, however, the correlation between head patient size (in terms of D eff and D w ) and age has not been reported. The aim of this study was to automatically calculate D eff and D w from images of paediatric head CT and to correlated both to the patient's age.
Methods

Patient image
The D eff and D w were calculated from the serial head paediatric CT images scanned by 16 MSCT (Brivo CT385, GE Healthcare, China) which is installed in Patut Patuh Patju Hospital, West Lombok, Indonesia. There were three protocols for head paediatric CT: standard axial, standard helical, and paediatric protocols. The standard for head examination with the axial routine head protocol used 120 kVp voltage, 300 mA tube current, exposure time per rotation of 1.5 seconds, pitch 1, and total beam-width collimation of 20 mm. The helical routine head protocol used 120 kVp voltage, 125 mA current, 1 second exposure time, pitch 0.94, and total collimation beam 10 mm. The paediatric protocol for the age group of 0-1.5 years used 120 kVp voltage, 85 mA current, 1 second exposure time, pitch 1, and total collimation beam-width 20 mm; for the age group of 1.5 -5 year used 120 kVp voltage, 100 mA current, 1 second exposure time, pitch 1, and total collimation beam-width 20 mm; and for the age group of 5-18 years used 120 kVp voltage, 75 mA current, 1 second exposure time, pitch 1, and total collimation beam-width 20 mm. Tube current modulation (TCM) was turned off for head CT.
All data were retrospectively collected from the serial head CT images in the DICOM file of one hundred thirteen patients aged 0-18 years (63 male patients and 50 female patients) who underwent head CT examinations from January 2017 to February 2019. Patients with cases of torch infections such as hydrocephalus, microcephaly and other congenital abnormalities in the brain and calvaria bones that cause abnormal head diameter were eliminated.
Calculation of D eff and D w
The sizes of the patients (D eff and D w ) were automatically calculated from the image of the patients using the IndoseCT version 15a [32] . The D eff was calculated as the square root of multiplication between lateral (LAT) and anterior-posterior (AP) diameters as depicted in Figure 1 . Until now, there is no specific protocol for the number of images should be calculated for D eff determination. For a practical approach, we choose the middle slice of patient's image. For more accurate D eff calculations, all images can be calculated, however, it takes a longer time.
The D w values were calculated using Equation 1:
where is the area of the patient and is the mean of HU value of the image of the patient. The D w was automatically calculated by the IndoseCT (Figure 2) . There are four choices of tools provided, namely automatically, polygon, ellipse, and 3D. In this study, we chose "automatically" and it meant that D w was calculated from contour of patient image and contouring process was automatically carried out by the software. It was reported that the software error was less than 0.5% compared to the manual calculation [33] . The most realistic D w calculation is the calculation for all image slices using "3D". Unfortunately, this calculation requires a relatively long time.
Size and age correlations
The values of D eff and D w were correlated with the age of patient through a regression approach using Equation 2 provided by the AAPM report no 204 [13] :
The a, b, c, and d parameters were calculated with the least square method using Matlab software. In addition, the R 2 values were also calculated. Figure 4 shows again that D w is greater than D eff for the same age of patient, ranging from 0.06 to 0.99 cm. The range of D eff values is from 11.54 to 16.87 cm, and D w values are from 11.6 to 17.86 cm. Figure 6a shows graphs of the D eff as a function for different gender: male and female patients and Figure 6b shows graphs of the D w as a function for male and female patients. It is noted that at the age of 0 to 3 rd years, the D eff of the male is higher than the female, but after 4 th years old, the female is higher than male. A different pattern is seen in the D w , in all age ranges, male is higher than female. A comparison of the current study and the ICRU report 74 is presented in Figure 7 . The ICRU described dimensions of hermaphrodite mathematical phantoms of humans in five different ages. Figure 7 shows that at the same age, the current results are lower, with differences ranging from 0.09 to 1.17 cm than that from ICRU.
Discussion
Some literature on the relationship between age and the specific size of the patient have been published [13, 29, 30] . However, most of them are only the relationship between the simplest metrics of size (i.e. effective diameter) and age. As it has been mentioned previously, that D eff is less accurate than D w , because D w is a surrogate both of physical dimension and attenuation characteristic of the scanned body [33] . Also, the relationship is only between body size and age [30] . To our knowledge, the relationship between size of head and age has not published yet, especially between D w and age. Therefore, the study of the correlation between D w and age in paediatrics is important and interesting as a basis for simplest SSDE calculations.
As expected, with the development of age, the child's head diameter will continue to increase, both male and female patients. At the age of 0 to 4 th years, the size increases rapidly, however beyond the 4 th years, the increase of head size becomes slower. The current study has found that at the age of 0 to 4 th years, D eff of a male is greater than female, but after age 4 th , D eff female is greater than male. However, the finding for D w indicates that the value for males is always greater than for females. This is likely evidence that male bone and brain density is higher than female.
As a function of age, the D w was greater than D eff . In other words, as the patient ages, the conversion factor of D w is smaller than D eff , so for the same patient, the SSDE calculation will result in a lower dose if using the conversion factor from D w than D eff [34] . The average difference between D w and D eff reached 4.3% for females and 9.1% for males. Thus, the study of D w calculation is considered important in determining SSDE on head CT because the difference between D eff and D w is quite significant. The D w value of the head is greater than D eff because the head contains bone and soft tissue [35] .
We have compared the D eff results of our study to the ICRU 74 [29] . Overall, the D eff of this study is smaller than reported in the ICRU 74. From the comparison, the effective diameter of the head from the ICRU 74 is greater about 7.3% than our result. The maximum difference can be seen at the age of about 3 years, and the difference decreases slowly as the patient ages until they reach adulthood. The differences in the values of the calculated D eff is due to the different sampling, where the ICRU 74 samples were hermaphrodite mathematical phantoms of humans in five different ages from Europe, but this study sampled from South-east Asia region, as shown in Figure 7 .
This important finding reveals a message that the paediatric CT protocol for Southeast Asians, particularly for Indonesian, should be comprehensively evaluated and adjusted. This CT protocol should be based on local patient size and must be different from Europeans or Americans. So that the head CT examination protocol for paediatrics that has been published previously [36] needs to be made some adjustments. One limitation of this study is the small number of patients (63 male and 50 female) and only from one hospital in one province. So, it needs further research with a larger population. In addition, other variables need to be considered, such as the correlation between D W on BMI or patient's body weight.
It should be noted that large variations of head dimensions at a given age are observed, especially at the age of one year. Therefore, for estimating patient dose, the calculated patient sizes (D eff or D w ) from the patient image, either from a CT radiograph or from the cross-sectional CT, are considered more accurate [13] . While patient age is considered as an approximation. It is only used when the size information calculated from the image is not available.
Conclusion
From this study, it can be concluded that the size of the patient (D eff and D w ) values were correlated well with the age of the patient. The R 2 values for both measurements are more than 0.8. The result indicated that the D w size is bigger than the D eff .
The study also pointed out that the D w is more accurate because it takes into account tissue composition and X-ray attenuation in patients; therefore the use of D w is preferable. The D eff values for male patients are from 12.38 to 16.21 cm, and D w values are 11.96 to 18.16 cm, respectively. For female patients, the values of D eff are from 11.54 to 16.87 cm, and the values of D w are from 11.60 to 17.86 cm, respectively. It also found that our result is lower than that of ICRU 74.
